Introduction
Non-rigid image registration is a key technology in medical image computing. It is about establishing spatial correspondence between two or more images. The registration problem is ill-posed. To ensure well-posedness a regularizer is introduced. In the present work diffusion regularisation is considered. The fundamental contribution is the introduction of a novel numerical scheme that is fast, efficient, accurate and has a low implementation complexity.
Methods
The optimisation problem is solved by an optimise-then-discretise approach. The differential operator of the associated Euler-Lagrange equation has a non-trivial kernel. One remedy to this problem is to introduce an artificial time variable. The conventional discretisation of the associated parabolic PDE is based on a semi-implicit time integration (SITI), which can efficiently be solved via additive operator splitting (AOS). In this work this SI scheme is replaced by explicit time integration (ETI). The stiffness of the problem manifests in a restriction on the time step size, which in general renders ETI inefficient. Therefore, a novel numerical method is adapted, which has an implementation complexity that is consistent with conventional ETI.
Results
Numerical experiments are performed on synthetic and real data. Results are compared qualitatively and quantitatively to available non-rigid image registration techniques. More precisely, we compare registration accuracy to the demons algorithm as well as to conventional schemes based on SITI and AOS.
Conclusion
Numerical experiments demonstrate registration accuracy. Results are qualitatively and quantitatively in accordance with those obtained by standard numerical approaches. The discussed ETI is efficient, accurate and has a low implementation complexity. Therefore, the present work makes available an attractive alternative to less accurate, approximate regularisation models, based on projecting the solution onto a smooth space via successive convolution with an appropriate kernel. The discussed ETI method is highly parallelizable, something that we will address in future work.
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